CLAIMS 

What is claimed is: 

1 . (Amended) A device for delivering a clock signal and a digital signal in 
synchronization to a clocked element of a semiconductor device, comprising: 

a phase shift keying circuit for performing phase shift keying of said digital signal onto said clock 

signal to create a lead output signal and a lag output signal; 
a digital signal demodulator for demodulating said lead output signal and said lag output signal 

fi-om said phase shift keying circuit to retrieve said digital signal; and 
a clock signal demodulator for demodulating said lead output signal and said lag output signal in 

conjunction with said digital signal to retrieve said clock signal. 

2. The device of claim 1, wherein said phase shift keying circuit comprises: 
an oscillator for producing a sinusoidal oscillator signal; 

a lead phase shift network for receiving said sinusoidal oscillator signal and said digital signal and 
producing a positive phase shift in said lead output signal when said digital signal has a 
logical high value; and 

a lag phase shift network for receiving said sinusoidal oscillator signal and a complementary 
digital signal and producing a negative phase shift in said lag output signal when said 
complementary digital signal has a logical high value. 

3 . The device of claim 2, wherein said lead phase shift network comprises a capacitor 
and a voltage variable resistor forming, in combination, a high pass filter, 

4. (Amended) The device of claim 2, wherein said lead phase shift network 
comprises: 

a capacitor having a first terminal for receiving said sinusoidal oscillator signal and a second 
terminal; 

a driver amplifier connected to said second terminal of said capacitor for driving said lead output 
signal; and 
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an NMOS transistor configured as a voltage variable resistor having a drain connected to said 
digital signal for controlling a resistance of said NMOS transistor, said NMOS transistor 
being connected between said capacitor and said driver amplifier. 

5. The device of claim 2, wherein said lag phase shift network comprises a voltage 
variable resistor and a capacitor forming, in combination, a low pass filter. 

6. (Amended) The device of claim 2, wherein said lag phase shift network comprises: 
an NMOS transistor configured as a voltage variable resistor having a drain connected to said 

complementary digital signal for controlling a resistance of said NMOS transistor and for 

receiving said sinusoidal oscillator signal; 
a driver amplifier connected to said NMOS transistor for driving said lag output signal; and 
a capacitor connected between said NMOS transistor and said driver amplifier. 

7. (Amended) The device of claim 2, wherein said lead output signal comprises a 
voltage represented by the fianction V^^ = A sin(cot + (p) when said digital signal has a logical high 
value and a voltage represented by the fiinction Vj, = A sin (cot) when said digital signal has a 
logical low value, wherein A is an arbitrary constant, o) is the oscillator fi-equency, and (p is the 
amount of phase shift. 

8. The device of claim 2, wherein said lag output signal comprises a voltage 
represented by the fiinction V^^ = A sin((ot - cp) when said complementary digital signal has a 
logical high value and a voltage represented by the fianction V^j = A sin (cot) when said 
complementary digital signal has a logical low value, wherein A is an arbitrary constant, co is the 
oscillator fi-equency, and cp is the amount of phase shift. 

9. The device of claim 2, wherein said phase shift in said lead output signal and said 
lag output signal are of equal magnitude but having opposite signs. 
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10. (Amended) The device of claim 1, wherein said digital signal demodulator 
comprises: 

a differential amplifier for comparing said lead output signal and said lag output signal to produce 

a differential output signal; 
a transistor amplifier circuit for receiving said differential output signal and producing a transistor 

signal dependent upon the square of an AC component of said differential output signal; 
an RC low pass filter for receiving said transistor signal and outputting a voltage signal; and 
a voltage comparing circuit for receiving said voltage signal and a voltage reference signal to 

produce a demodulated digital data signal. 

11. The device of claim 10, wherein said differential amplifier comprises a differential 
amplifier for producing a differential output signal having a voltage represented by the function V 
= 2 Vt + 2 A cos(cot)sin((p) when said lead output signal and said lag output signal are phase 
shifted, wherein Vj is a threshold voltage of a set of transistors in said transistor amplifier circuit, 
A is an arbitrary constant, © is the oscillator frequency, and cp is the amount of phase shift in said 
lead output signal and said lag output signal. 

12. (Amended) The device of claim 10, wherein said transistor amplifier circuit 
comprises: 

a PMOS load transistor having a PMOS source, a PMOS gate connected to said PMOS source, 
and a PMOS drain connected to a power supply voltage; and 

an NMOS transistor having a gate connected to said differential output signal, a source connected 
to ground, and a drain connected to said PMOS source and said PMOS gate, wherein said 
PMOS load transistor and said NMOS transistor produce said transistor signal dependent 
upon the square of an AC component of said differential output signal. 

13. The device of claim 12, wherein said power supply voltage is four times a 
threshold voltage of said PMOS load transistor and said NMOS transistor. 
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14. The device of claim 12, wherein said transistor amplifier circuit comprises a 
transistor amplifier circuit for producing said transistor signal having a voltage represented by the 
function V = 2Vt - 2 A cos(cot)sin((p) - [4A^ / (4Vt)] cos^(cot)sin^((p) when said lead output signal 
and said lag output signal are phase shifted, wherein is a threshold voltage of said PMOS load 
transistor and said NMOS transistor, A is an arbitrary constant, (o is the oscillator fi-equency, and 
9 is the amount of phase shift in said lead output signal and said lag output signal. 

15. The device of claim 10, wherein said RC low pass filter comprises a resistor and a 
capacitor configured, in combination, to convert said transistor signal to said voltage signal having 
a voltage V = 2 Vj - '/2 [(4A^ / (4VT))sin^((p)], wherein is a threshold voltage of a set of 
transistors in said transistor amplifier circuit, A is an arbitrary constant, and cp is the amount of 
phase shift in said lead output signal and said lag output signal 

16. (Amended) The device of claim 1, wherein said clock signal demodulator 
comprises: 

a lag phase shift network for receiving said lead output signal and removing a positive phase shift 

of said lead output signal to recover a first clock signal; 
a lead phase shift network for receiving said lag output signal and adding a negative phase shift of 

said lag output signal to recover a second clock signal; and 
an analog adder for receiving said first clock signal and said second clock signal and averaging 

said first clock signal and said second clock signal and reducing noise thereon to produce 

said clock signal. 

17. The device of claim 16, wherein said lag phase shift network comprises a low pass 
filter including a voltage variable resistor and a capacitor. 
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18. (Amended) The device of claim 16, wherein said lag phase shift network further 
comprises: 

an NMOS transistor configured as a voltage variable resistor having a drain connected to a first 
voltage source for controlling a resistance of said NMOS transistor and for receiving said 
lead output signal; 

a driver amplifier connected to said NMOS transistor for driving said first clock signal; and 
a capacitor connected between said NMOS transistor and said driver amplifier, 

19. The device of claim 18, wherein said first voltage source comprises a voltage V 
represented by the equation: 

V = Vdc-BVo 

where V^c is a constant DC voltage, B is an arbitrary constant, and is said digital signal fi-om 
said digital signal demodulator. 

20. The device of claim 16, wherein said lead phase shift network comprises a high 
pass filter including a capacitor and a voltage variable resistor. 

21. (Amended) The device of claim 16, wherein said lead phase shift network fiirther 
comprises: 

a capacitor having a first terminal for receiving said lag output signal and a second terminal; 
a driver amplifier connected to said second terminal of said capacitor for driving said second clock 
signal; and 

an NMOS transistor configured as a voltage variable resistor having a drain connected to a 

second voltage source for controlling a resistance of said NMOS transistor, said NMOS 
transistor connected between said capacitor and said driver amplifier. 
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22. The device of claim 21, wherein said second voltage source comprises a vohage V 
represented by the equation: 

V = Vdc + BVd 

where V^c is a constant DC voltage, B is an arbitrary constant, and Vp is said digital signal from 
said digital signal demodulator. 

23. The device of claim 16, wherein said analog adder comprises: 

a set of resistors for reducing noise on said first clock signal and said second clock signal; and 
an amplifier in combination with a resistor for receiving said first clock signal and said second 
clock signal to average and produce said clock signal. 

24. (Amended) A device for performing phase shift keying of a digital signal, 
comprising: 

an oscillator for producing a sinusoidal oscillator signal; 

a lead phase shift network receiving said sinusoidal oscillator signal and said digital signal for 
producing a positive phase shift in a lead output signal when said digital signal has a 
logical high value; and 

a lag phase shift network receiving said sinusoidal oscillator signal and a complementary digital 

signal for producing a negative phase shift in a lag output signal when said complementary 
digital signal has a logical high value. 

25. The device of claim 24, wherein said lead phase shift network comprises a 
capacitor and a voltage variable resistor forming, in combination, a high pass filter. 

26. The device of claim 24, wherein said lead phase shift network comprises: 

a capacitor having a first terminal for receiving said sinusoidal oscillator signal and a second 
terminal; 

a driver amplifier connected to said second terminal of said capacitor for driving said lead output 
signal of said lead phase shift network; and 
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an NMOS transistor configured as a voltage variable resistor having a drain connected to said 
digital signal for controlling a resistance of said NMOS transistor, said NMOS transistor 
connected between said capacitor and said driver amplifier, 

27. The device of claim 24, wherein said lag phase shift network comprises a vohage 
variable resistor and a capacitor forming, in combination, a low pass filter. 

28. The device of claim 24, wherein said lag phase shift network comprises: 

an NMOS transistor configured as a voltage variable resistor having a drain connected to said 

complementary digital signal for controlling a resistance of said NMOS transistor and for 
receiving said sinusoidal oscillator signal; 

a driver amplifier connected to said NMOS transistor for driving said lag output signal of said lag 
phase shift network; and 

a capacitor connected between said NMOS transistor and said driver amplifier. 

29. The device of claim 24, wherein said lead output signal fi-om said lead phase shift 
network comprises a voltage represented by the fianction Vj, = A sin((ot + (p) when said digital 
signal has a logical high value and a voltage represented by the fiinction = A sin (cot) when said 
digital signal has a logical low value, wherein A is an arbitrary constant, co is the oscillator 
frequency, and cp is the amount of phase shift. 

30. The device of claim 24, wherein said lag output signal fi-om said lag phase shift 
network comprises a voltage represented by the Sanction = A sin(cot - cp) when said 
complementary digital signal has a logical high value and a voltage represented by the fianction 

= A sin (cot) when said complementary digital signal has a logical low value, wherein A is an 
arbitrary constant, (o is the oscillator fi*equency, and (p is the amount of phase shift. 

3 1 . The device of claim 24, wherein said phase shift in said lead output signal and said 
lag output signal are of equal magnitude but having opposite signs. 



17 



32. (Amended) A device for demodulating a phase shift keyed signal from a lead 
signal and a lag signal, comprising: 

a differential amplifier for comparing said lead signal and said lag signal to produce a differential 
output signal; 

a transistor amplifier circuit for receiving said differential output signal and producing a transistor 
signal dependent upon the square of an AC component of said differential output signal; 

an RC low pass fiUer for receiving said transistor signal and outputting a voltage signal; 

a voltage comparing circuit for receiving said voltage signal and a voltage reference signal to 
produce a demodulated digital data signal. 

33. The device of claim 32, wherein said differential amplifier comprises a differential 
amplifier for producing a differential output signal having a voltage represented by the function V 
= 2 Vx + 2 A cos((ot)sin((p) when said lead signal and said lag signal are phase shifted, wherein 

is a threshold voltage of a set of transistors in said transistor amplifier circuit, A is an arbitrary 
constant, co is the oscillator frequency, and 9 is the amount of phase shift in said lead signal and 
said lag signal. 

34. (Amended) The device of claim 32, wherein said transistor amplifier circuit 
comprises: 

a PMOS load transistor having a PMOS source, a PMOS gate connected to said PMOS source, 
and a PMOS drain connected to a power supply vohage; and 

an NMOS transistor having a gate connected to said differential output signal, a source connected 
to ground, and a drain connected to said PMOS source and said PMOS gate, wherein said 
PMOS load transistor and said NMOS transistor produce said transistor signal dependent 
upon the square of an AC component of said differential output signal. 

35. The device of claim 34, wherein said power supply voltage is four times a 
threshold voltage of said PMOS load transistor and said NMOS transistor. 
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36. The device of claim 34, wherein said transistor amplifier circuit comprises a 
transistor amplifier circuit for producing said transistor signal having a voUage represented by the 
function V = 2Wy - 2 A cos((ot)sin((p) - [4A^ / (4Vt)] cos\Q)t)sin^((p) when said lead signal and 
said lag signal are phase shifted, wherein Vj is a threshold voltage of said PMOS load transistor 
and said NMOS transistor, A is an arbitrary constant, © is the oscillator fi-equency, and (p is the 
amount of phase shift in said lead signal and said lag signal 

37. The device of claim 32, wherein said RC low pass filter comprises a resistor and a 
capacitor configured, in combination, to convert said transistor signal to said voltage signal having 
a voltage V = 2 Vj - V2 [(4A^ / (4VT))sin^((p)], wherein Vj is a threshold voltage of a set of 
transistors in said transistor amplifier circuit, A is an arbitrary constant, and (p is the amount of 
phase shift in said lead signal and said lag signal. 

38. (Amended) A method of synchronizing clock signals and digital data signals on an 
integrated circuit chip, comprising: 

generating a sinusoidal oscillator signal, a digital signal and a complementary digital signal; 
creating a lead output signal fi*om said sinusoidal oscillator signal and said digital signal; 
creating a lag output signal from said sinusoidal oscillator signal and said complementary digital 
signal; 

transmitting said lead output signal and said lag output signal on matched interconnection lines to 

a vicinity of a clocked element; 
demodulating said lead output signal and said lag output signal for retrieving said digital signal; 
demodulating said lead output signal and said lag output signal using said digital signal for 

retrieving a clock signal; and 
inputting said digital signal and said clock signal into said clocked element. 

39. (Amended) The method of claim 38, wherein said creating a lead output signal 
comprises creating a lead output signal having a positive phase shift when said digital signal has a 
logical high value. 
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40. (Amended) The method of claim 38, wherein said creating a lead output signal 
comprises creating a voltage signal V^, represented by the function = A sin(cot + (p) when said 
digital signal has a logical high value and creating a voltage signal represented by the function 
Vx = A sin(cot) when said digital signal has a logical low value, wherein A is an arbitrary constant, 
00 is the oscillator frequency, and (p is the amount of phase shift. 

41. (Amended) The method of claim 38, wherein creating said lag output signal 
comprises creating a lag output signal having a negative phase shift when said complementary 
digital signal has a logical high value. 

42. The method of claim 38, wherein creating said lag output signal comprises creating 
a vohage signal represented by the function Vj^ = A sin(cot - cp) when said complementary 
digital signal has a logical high value and creating a voltage signal Vj^ represented by the function 
y^ = A sin(oc)t) when said complementary digital signal has a logical low value, wherein A is an 
arbitrary constant, co is the oscillator frequency, and (p is the amount of phase shift. 

43. (Amended) The method of claim 38, wherein creating said lead output signal and 
said lag output signal comprises: 

creating a lead output signal having a positive phase shift (p; and 

creating a lag output signal having a negative phase shift cp, wherein said positive phase shift (p 
and said negative phase shift (p are of equal magnitude. 

44. The method of claim 38, wherein demodulating said lead output signal and said lag 
output signal for retrieving said digital signal comprises: 

comparing said lead output signal and said lag output signal for producing a differential output 
signal; 

producing a signal dependent upon the square of an AC component of said differential output 

signal for creating a voltage signal; and 
comparing said voltage signal and a voltage reference signal for producing said digital signal. 
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45, The method of claim 44, further comprising producing a differential output signal 
having a voltage represented by the function V = 2 Vj + 2 A cos(a)t)sin((p) when said lead output 
signal and said lag output signal are phase shifted, wherein is a threshold voltage, A is an 
arbitrary constant, cd is the oscillator frequency, and (p is the amount of phase shift in said lead 
output signal and said lag output signal. 

46, (Amended) The method of claim 44, wherein said producing a signal dependent 
upon the square of an AC component of said differential output signal comprises producing a 
signal having a voltage represented by the fiinction V = 2Vj - 2 A cos(oot)sin((p) - [4A^ / (4V-i-)] 
cos^((ot)sin^((p) when said lead output signal and said lag output signal are phase shifted, wherein 
V-r is a threshold voltage, A is an arbitrary constant, (o is the oscillator frequency, and 9 is the 
amount of phase shift in said lead output signal and said lag output signal. 

47, The method of claim 44, further comprising creating a voltage signal having a 
voltage V = 2 Vt - 1/2 [(4A^ / (4VT))sin^(q))] from said signal, wherein is a threshold voltage, A 
is an arbitrary constant, and (p is the amount of phase shift in said lead output signal and said lag 
output signal. 

48, The method of claim 38, wherein demodulating said lead output signal and said lag 
output signal knowing said digital signal for retrieving said clock signal comprises: 

removing a positive phase shift from said lead output signal for producing a first clock signal; 
removing a negative phase shift from said lag output signal for producing a second clock signal; 
and 

averaging said first clock signal and said second clock signal for retrieving said clock signal. 
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